T , a Gram-reaction-positive, aerobic, rod-shaped, motile bacterium, was isolated 
The genus Nocardioides was first described by Prauser (1976) with a single species, Nocardioides albus, and, at the time of writing, the genus Nocardioides comprised 36 species with validly published names.
In a series of studies, we have attempted to isolate microorganisms from soil of a ginseng field in order to investigate the community structure based on a culturedependent method. In this study, strain DCY24
T was isolated and characterized by a polyphasic approach, including phylogenetic analysis based on 16S rRNA gene sequences, genomic relatedness and chemotaxonomic and phenotypic properties.
Strain DCY24
T was isolated from surface soil of an agricultural field where ginseng was planted. Soil (1 g) was immersed in 50 ml saline solution, vortexed and serially diluted and 100 ml samples were inoculated onto 106 diluted R2A agar (Difco). Purified colonies were identified tentatively using partial 16S rRNA gene sequences. Strain DCY24
T was cultured routinely on R2A agar at 30 u C and maintained as a glycerol suspension (20 %, w/v) at 270 u C. The Gram reaction was performed by using the non-staining method, as described by Buck (1982) . Cell morphology was examined by light microscopy (Nikon E600) and transmission electron microscopy (TEM). For analysis of flagella using TEM, strain DCY24
T was grown on Luria-Bertani (LB) agar at 30 u C for 18 h, gently resuspended in one drop of deionized water and placed on carbon-and Formvar-coated nickel grids for 30 s. Grids were floated on one drop of 0.1 % (w/v) aqueous uranyl acetate, blotted dry and then viewed with a Carl Zeiss LEO912AB electron microscope at 100 kV under standard operating conditions. Catalase activity was determined by bubble production with 3 % (v/v) H 2 O 2 and oxidase activity was determined using 1 % (w/v) tetramethyl p-phenylenediamine (Cappuccino & Sherman, 2002) . Growth at various temperatures (4, 25, 30, 37 and 42 u C) and pH (pH 5.0-11.0 at intervals of 0.5) was assessed after 5 days incubation. Growth on nutrient agar, trypticase soy agar (TSA) and LB agar was also evaluated at 30 u C. Utilization of different substrates as sole carbon sources and some enzyme activities were tested by using the API 20NE, API 32GN and API ZYM galleries according to the instructions of the manufacturer (bioMérieux).
Abbreviation: TEM, transmission electron microscopy.
3These authors contributed equally to this work.
The GenBank/EMBL/DDBJ accession number for the 16S rRNA gene sequence of strain DCY24
T is EF623863.
Transmission electron micrographs of negatively stained cells of strain DCY24 T and fatty acid compositions of strain DCY24 T and closely related Nocardioides species are available as supplementary material with the online version of this paper.
Isoprenoid quinones were extracted with chloroform/ methanol (2 : 1, v/v), purified by TLC and subsequently analysed by HPLC, as described previously (Collins & Jones, 1981; Shin et al., 1996) . To perform fatty acid methyl ester analysis, cells were grown on TSA for 48 h at 30 u C and then two loopfuls of well-grown cells were harvested. Fatty acid methyl esters were prepared, separated and identified using the Sherlock Microbial Identification system (MIS; MIDI) (Sasser, 1990) . Peptidoglycan was analysed as described by Schleifer & Kandler (1972) using TLC on cellulose sheets instead of paper chromatography. Polar lipids were extracted and examined by twodimensional TLC (Minnikin et al., 1977) .
For the measurement of chromosomal DNA G+C content, DNA of the novel strain was extracted and purified as described by Moore & Dowhan (1995) . The isolated DNA was degraded enzymically into nucleosides, which were analysed using HPLC as described previously (Tamaoka & Komagata, 1984; Mesbah et al., 1989) .
Extraction of genomic DNA was performed with a commercial genomic DNA extraction kit (Solgent) and PCR-mediated amplification of the 16S rRNA gene and sequencing of the purified PCR product were carried out according to Kim et al. (2005) . The full sequence of the 16S rRNA gene was compiled using the software SEQMAN (DNASTAR). 16S rRNA gene sequences of related taxa were obtained from GenBank. Multiple alignments were performed with the program CLUSTAL_X (Thompson et al., 1997) . Gaps were edited in the program BIOEDIT (Hall, 1999) . Evolutionary distances were calculated using Kimura's two-parameter model (Kimura, 1983) . Phylogenetic trees were constructed by using the neighbour-joining (Saitou & Nei, 1987) and maximum-parsimony (Fitch, 1971 ) methods with the program MEGA3 (Kumar et al., 2004) with bootstrap values based on 1000 replications (Felsenstein, 1985) .
The physiological characteristics of strain DCY24
T are summarized in the species description and a comparison of selective characteristics with those of closely related Nocardioides species is shown in Table 1 .
The 16S rRNA gene sequence of strain DCY24
T was a continuous stretch of 1478 nt (positions 20-1499 with respect to the Escherichia coli numbering system). In the neighbour-joining phylogenetic tree (Fig. 1) Chemotaxonomic properties confirmed the phylogenetic affiliation of strain DCY24 T with the genus Nocardioides (Tamura & Yokota, 1994; Yoon et al., 1997; Lawson et al., 2000; Urzì et al., 2000; Wang et al., 2001) . Strain DCY24 T contained MK-8(H 4 ) as the predominant menaquinone.
Cell wall peptidoglycan of strain DCY24
T contained LL-2,6-diaminopimelic acid as the diagnostic diamino acid. The polar lipid profile of strain DCY24
T , which was similar with those of other Nocardioides species (Dastager et al., 2008; Lee et al., 2008; O'Donnell et al., 1982) , contained predominantly phosphatidylglycerol, diphosphatidylglycerol and an unknown phospholipid.
The fatty acid profile of strain DCY24
T is shown in Supplementary Table S1 (available in IJSEM Online) along with profiles of strains of closely related Nocardioides species. Strain DCY24 T contained iso-C 16 : 0 (23.1 %), iso-C 17 : 0 (16.2 %) and C 18 : 1 v9c (11.8 %) as the predominant fatty acids, which are also common in closely related Nocardioides species.
The DNA G+C content of strain DCY24
T was 71.0 mol%. On the basis of the data presented, strain DCY24 T represents a novel species of the genus Nocardioides for which the name Nocardioides humi sp. nov. is proposed.
Description of Nocardioides humi sp. nov.
Nocardioides humi (hu9mi. L. gen. n. humi of/from soil).
Cells are Gram-reaction-positive, aerobic, motile and rodshaped, about 0.3-0.5 mm wide and 0.8-1.0 mm long ( Supplementary Fig. S1 ). Colonies grown on R2A agar (Difco) for 3 days are irregular, smooth, flat and pale yellow in colour. Growth occurs at 25-42 u C (optimum about 30-37 uC) and pH 5-11. Oxidase-positive and catalase-negative. In API 20NE tests, negative for nitrate reduction, indole production, glucose acidification, arginine dihydrolase, urease and gelatinase, but positive for aesculin hydrolysis and b-galactosidase The following carbon sources are utilized (API 20NE and API 32GN): D-glucose, melibiose, L-rhamnose, D-ribose, sucrose, D-mannitol, L-alanine, L-proline, L-serine, glycogen, 2-ketogluconate, 3-hydroxybutyrate, acetate, gluconate, itaconate, malate, propionate and valerate. Utilization of the following substrates is negative: L-arabinose, L-fucose, maltose, D-mannose, inositol, D-sorbitol, L-histidine, Nacetylglucosamine, salicin, 3-hydroxybenzoate, 4-hydroxybenzoate, 5-ketogluconate, adipate, caprate, citrate, lactate, malonate, phenylacetate and suberate. In API ZYM assays, alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, valine arylamidase, cystine arylamidase, trypsin, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-galactosidase, a-glucosidase and b-glucosidase activities are present, but lipase (C14), a-galactosidase, b-glucuronidase, N-acetyl-b-glucosaminidase, a-mannosidase and afucosidase are absent. ) is the predominant menaquinone. The major cellular fatty acids are iso-C 16 : 0 , iso-C 17 : 0 and C 18 : 1 v9c.
The type strain is DCY24 T (5KCTC 19265 T 5LMG 24128 T ), isolated from soil of a ginseng field. The DNA G+C content of the type strain is 71.0 mol%. Collins et al. (1989 Collins et al. ( , 1994 , Lawson et al. (2000) , Prauser (1976 Prauser ( , 1984 Prauser ( , 1989 , Yoon et al. (1997 Yoon et al. ( , 1999 Yoon et al. ( , 2005 Yoon et al. ( , 2006 Yoon et al. ( , 2007 and Kubota et al. (2005) . +, Positive; 2, negative; W, weakly positive; ND, no data available. All species are positive for the Gram reaction, esterase lipase (C8) and utilization of D-glucose. All species are negative for a-galactosidase, b-glucuronidase, N-acetyl-b-glucosaminidase and a-fucosidase. 
